Abstract
Introduction
One of the major issues which were raised among developing nations, and indeed all economies is how to improve their technical efficiency. This has led to the adoption of various economic systems and policy options. The Saudi economy in general and the banking sector in particular is not an exception to this. This is more so when banks, like most other production entities are profit oriented. The efficient performance of banks can helps them to compete and to achieve higher rate of return relative to cost, and at the same time to participate in economic development. Inefficient performance of banks, on the ot her hand, will lead to hinder economic activities in other sectors such as industry and services as banks are linked directly to the entire economy. Therefore, bank efficiency analysis is an important tool for government, regulators, banks management, stock market, and investors. Several approaches have been used to estimate banks' efficiency. One of these approaches is Data Envelopment Analysis (DEA) which has been used extensively to evaluate the efficiency of banking institutions, hospitals and other institutions. This study analyzes the technical efficiency of Saudi banks during the period of 2007-2011 by using the Data Envelopment Analysis (DEA) technique. This study provides a deep understanding of the importance of maintaining the efficiency of the banking sector for sustained economic development. This will also examine the stability of bank efficiencies over time for the studied period. The study contributes to the growing existing empirical literature on banking efficiency in developing countries, particularly in the Middle East. The study is also important as it covers all the local commercial and Islamic banks in Saudi Arabia during the period of study. Furthermore, it has another significant contribution as it may reflect the effect of deregulation in the banking sector, which was not really covered in previous studies. It will also provide crucial information about Saudi banks' financial conditions and management performance for the benefit to a number of interest groups and policy -makers including the Saudi government, the Saudi Arabian Monetary Agency (SAMA), Saudi stock exchange (Tadawul), banks managers, as well as people dealing with banks and bank stock investors. Moreover, the results of this study would provide us explicit indications as to whether the Saudi banks are efficient in the global financial conditions. Despite the vast number of studies that focus on the efficiency of the banking sector, to the researcher's best knowledge, only a few studies were carried out in developing countries. The majority were carried out in developed countries, with particular emphasis on the banking sector in the United States. However, studies focused on the banks relative efficiency in the Middle East countries are very limited, and there is scarcity of research in the Arab countries, especially in Saudi Arabia. Therefore, this study will try to fill the gap in the literature. In addition, it will examine the impact of bank's size and capital adequacy on the Saudi banks efficiency. The remainder of this study is organized as follows: Part II reviews the importance of the study. Part III presents the relevant literature of the study. Part IV is devoted to the data, methodology. While part V, empirical results and analysis of the findings. Finally, part VI concludes the study and provides some recommendations.
Literature Review
Zeitun and Benjelloun (2013) measured and evaluated the relative efficiency of 12 Jordanian banks over the period 2005-2010 by using Data Envelopment Analysis (DEA). Constant return to scale (CRS) and variable return to scale (VRS) were used in order to measure the relative efficiency. The result of the study showed that, on the technical efficiency scale only a few Jordanian banks were efficient in managing their financial resources and generating profit. Furthermore, few banks were found to be efficient on the scale of pure technical efficiency and only so in a few years. Moreover, the financial crisis was found to have a significant impact on banks' efficiency.
Karimzadeh (2012) examined the efficiency of Indian commercial banks during 2000 -2010 by utilizing Data Envelopment Analysis (DEA). Inputs and outputs of the study were analyzed based on intermediation approach based on the sample of 8 commercial banks, The result of the study revealed that the mean of cost (economic) efficiency, technical efficiency, and a locative efficiency are 0.991, 0.995, and 0.991 in VRS model and 0.936. 0.969, and 0.958 in CRR model, respectively using DEA approach. In addition, the results suggest that Bank of India and ICICI bank are more efficient as compare to other banks in India and result confirmed that selected Public Sector Banks are more efficient than Private sectors during the study period in India.
Zainal and Ismail (2012) in their study examined the efficiency of Islamic banks in Malaysia in the year 2006 till 2010. The aims of the study were to calculate technical efficiency (TE), pure technical efficiency (PTE) and scale efficiency (SE) of Islamic banks, and to compare the efficiency scores between local and foreign Islamic banks. A non-parametric based Data Envelopment Analysis (DEA) was used to estimate the efficiency using input orientation. Inputs and outputs of this study were analyzed based on intermediation approach. The results showed that the average TE, PTE and SE were 0.79, 0.90 and 0.88 respectively. Next, local Islamic banks scored higher TE and SE compared to foreign Islamic banks. But foreign Islamic banks scored higher PTE than that of Islamic banks.
Noor and Ahmad (2012) investigated the efficiency of the Islamic banking sector in 25 countries during the period 1992-2009 using data for 78 Islamic banks. The efficiency estimated of individual banks was evaluated using the nonparametric Data Envelopment Analysis (DEA) method. The empirical findings seem to suggest that the world Islamic banks have exhibited high pure technical efficiency. pure te chnical inefficiency was found to have greater influence in determining the total technical inefficiency. Secondly, it is suggested that further analysis of the world Islamic banking sector's efficiency should consider specific factors relating to high-income countries' leading the efficiency over the years compared to banks operating in middle and low-income countries. The results showed a positive relationship between bank efficiency and size and profitability, while a negative relationship between bank efficiency and loans intensity and capitalization. A multivariate analysis based on the Tobit model reinforces these findings specifically for profitability. The return on equity had a positive but statistically insignificant relationship with bank effici ency. The finding implied that the higher the return on equity, the higher the bank productivity growth will be. Akhtar and Sadaqat (2011) attempted to investigate the impact of how the bank-specific factors of profitability affect the performance of Islamic banks. Sample that is composed of Islamic banks of Pakistan from period 2006 to 2009 were used. In his study It was evident from both statistical multivariate regression models that the relationship of gearing ratio and capital adequacy ratio found to have a positive relation and are statistically significant at the 5% significance level, whereas the asset management is statistically significant in model I and insignificant in model II with positive relation in both models. Size of the bank reported negative and insignificant relation in both models, which can be explained with the fact that most of the Islamic banks were facing losses in recent years. Moreover capital adequacy found to have significant relation in both models, as prudential regulations tighten by the State bank of Pakistan.
Noor et al, (2011) investigated the efficiency of the Islamic banking sectors in 4 Asian countries namely Bangladesh, Indonesia, Malaysia and Pakistan during the period of [2001] [2002] [2003] [2004] [2005] [2006] . The efficiency estimated of individual banks was evaluated by using the non-parametric Data Envelopment Analysis (DEA) method. The results implied that during the period of study, although the Asian Islamic banking sectors have been operating at a relatively optimal scale of operations, they were relatively managerially inefficiency in controlling their operating costs and utilizing their resources to the fullest.
Ajlouni and Hmedat (2011) measured the relative efficiency of banks in Jordan using DEA. Also, they investigated the determinants of such efficiency, in terms of bank size and capitalization. The duration of the measured performance of their study was is (2005) (2006) (2007) (2008) . The results of their study indicate that average efficiency score of the sample banks is high and stable over time . Another important result was that the relative efficiency of larger banks significantly outperforms smaller and medium size banks, indicating that bank size is a determinant of efficiency. However, banks with higher capital adequacy ratio were less efficient. They concluded that commercial banks in Jordan with higher capital adequacy ratio are risk-averse and managing safer and lower-earning portfolios.
AlKhathlan and Malik (2010) A total of 10 banks were evaluated by using four models to analyze the relative efficiency of each bank based on its operating and intermediation levels. The findings revealed that in spite of the fact that most Syrian banks were inefficient on their operating level, they tend to be mo re efficient in their intermediation role. Accordingly, the Syrian Banks could further utilize their resources to generate more revenues and/or reduce their expenses in order to reach the efficiency frontier. Furthermore, this study had investigated the effects of banks age on their relative efficiency, where it had been found that most of the banks efficiency scores would rise after accounting for banks years of operation as an uncontrolled input; Thus indicating an indirect positive effect the banks' age had on the overall efficiency. In other words, most of the observed Syrian banks have managed to utilize their years of operation in generating revenues, facilities and investments.
Al-Jarrah (2007) stated that The Data Envelopment Analysis (DEA) approach is used to investigate cost efficiency levels of banks operating in Jordan, Egypt, Saudi Arabia and Bahrain over 1992-2000. The estimated cost efficiency is further decomposed into technical and allocative efficiency at both variable and constant return to scale. Later on, the technical efficiency is further decomposed into pure technical and scale efficiency. Our cost efficiency scores ranged from 50 to 70% with some variations in scores depending on bank's size and its geographical locations. These results suggest that the same level of output could be produced with approximately 50-70% of their current inputs if banks under study were operating on the most efficient frontier.
Overview of Saudi Banking System
The Saudi banking system has undergone substantial changes over the last decade. There is no doubt that in Kingdom of Saudi Arabia (KSA) without exception, banking system has a significant weight in the Middle East. The gradual deregulation process of financial services allowed foreign financial i nstitutions to provide financial services in Saudi Arabia. As a reaction to this process, domestic Saudi banks have also introduced a large scale of new products and services. Saudi Banks have expanded their operations and have taken advantage of scale and scope of economies as well as product diversification. Consequently, consolidated competition, effective resources allocation, producing innovative products for saving money, and developing a new technology for evolving the quality have been focal points among banks in Saudi Arabian banking system, not only locally, but also worldwide. Therefore, there is an urgent need to make comprehensive analysis of Saudi Arabian banks' efficiency. However Saudi Arabian Monetary Agency-SAMA in its Forty-Fourth Annual Report (2008) summarized the performance of Saudi banks as follows: "Commercial banks recorded good growth rates in their financial positions during 2007. This was due to efficient management by commercial banks of their financial resources. Furthermore, as Al-Muharrami (2007) stated, the Saudi banking sector is the largest banking sector amongst the Gulf countries, and better level among Arab Countries. The main distinguished characteristic of the Saudi banking system is that Conventional and Islamic banks are operating side by side in Saudi Arabian industry for the sake of profit maximization. Thus, many conventional banks are providing Islamic windows to achieve higher market share. The proportion of Islamic banking has increased significantly. The banking industry in Saudi Arabia is one of the strongest industries in the Gulf country, as well as the most attractive economic sector within Saudi Arabia (Ahmed and Khababa, 1999) . Moreover, according to Ford (2007) , the Saudi banking sector is well-controlled and tightly organized and is strongly regulated. Although there was a financial crisis in 2007 and 2008, which affected the banking industry worldwide, a report by Ford and Siddiqi (2010) asserted that the Saudi banks remained in the top 65 Middle Eastern banks; moreover, three of them were in the top five banks. There are twelve banks in Saudi Arabia and all of them joined the Saudi stock market except one, which was owned by known traders. A 2009 report from Riyad Bank showed how the banking industry within Saudi Arabia had grown since it become a member of the G-20, which is a group of financial public organizations and central banks within 19 countries and the European Union.
Research Methodology

Hypothesis
It is important to conduct a deep investigation of the special features of the banking sector in Saudi Arabia, especially in term of its efficiency. The problem of this study is to measure whether Saudi banks perform efficiently, and what is the effect of such factors, as size and capital adequacy ratio on the level of bank efficiency. The present study seeks to test the following hypothesis:
H1: banks in Saudi Arabia are financially efficient.
H2: There is a significant difference between the efficiency of banks in Saudi Arabia due to their size (logarithm of total assets).
H3: There is a significant difference between the efficiency of banks in Saudi Arabia due to their capital adequacy (the ratio of equity to total assets).
Data
This study presents an analysis of only ten banks operating in Saudi Arabia during the period (2007-2011). All the banks listed in Saudi stock exchange (Tadawul) since 2005 were selected. This work is done in order to see the changes in efficiency of these banks during the study period. Table 1 present the Domest ic Saudi Banks, and network of branches as on (2011).There are twelve Saudi banks operating in Saudi Arabia, two of them are excluded in this study, due to the fact that one of them is not listed in Saudi stock exchange (Tadawul), and the other one is a new one established in 2008. In obtaining the data, the author used the annual reports of these banks, their websites, and related web pages of Saudi stock exchange (Tadawul) and Saudi Arabian Monetary Agency (SAMA) on the internet. 
Methodology
This study will use the non -parametric frontier approach to estimate the relative efficiency of banks in Saudi Arabia. The objective of this study is to evaluate the relative efficiency of 10 Saudi banks over the period [2007] [2008] [2009] [2010] [2011] . No foreign banks were used in this study. The measurement of efficiency used in this study is the Data Envelopment Analysis approach. Abraham Charnes (1978) has coined the term data envelopment analysis (DEA). Charnes seminal paper is still one of the best sources of intuition into the method. Assume there are n decision making units (DMU), denoted by subscript i.
Subject to the constraints:
2)
3)
Where, V jk = the weight placed on jth output (Yj) of the kth DMU. U ik = the weight placed on ith input (Xi) of the kth DMU. X ik = the ith input parameter (X) of the kth DMU. Y jk = the jth output parameter (Y) of the kth DMU. E k = the relative efficiency score of kth DMU.
Over the past two decades, DEA has become a popular methodology for evaluating the relative efficiencies of decision making units (DMUs). A DMU is an entity that produces outputs and uses up inputs, in this study, each bank constitutes a DMU. This study applies two basic Data Envelopment Analysis (DEA) models to evaluate the relative efficiency of Saudi Banks using annual data from 2007 through 2011. These are:
1. Charnes-Cooper-Rhodes (CCR) model which assumed constant returns to scale (CRS) to measure the relative efficiency of each DMU which is between 0 and 1 and can determine whether a DMU is in constant, increasing or decreasing returns to scale.
2. Banker-Charnes-Cooper (BCC) model which widened the CCR model to account for variable returns to scale (VRS).This approach forms a convex hull of intersecting planes which envelope the data points more tightly than the CRS conical hull and thus provides technical efficiency scores which are greater than or equal to those obtained using the CRS model.
To model the bank production process intermediation approach was followed (see Charnes) which takes banks as entities using, two inputs and two outputs for each bank. These are:
1. Input 1 (x1) = Total deposits 2. Input 2 (x2) = Total expense (Interest and non-interest expenses) 3. Output 1 (y1) = Total loans and advances 4. Output 2 (y2) = Net investment Table 2 provides some relevant statistics of key variables in the sampl e. The researcher ran the DEA model separately for each year using input-orientation. By running these programs with the same data under constant returns-to-scale (CRS) and variable returns-to-scale (VRS) assumptions, measures of overall technical efficiency and 'pure' technical efficiency are obtained. In order to obtain a measure of scale efficiency, the overall technical efficiency was divided by pure technical efficiency. The DEA selects weights so that the ratio of outputs to inputs for all DMUs is less than or equal to one. However, it selects those weights in order to make the output to input ratio for one particular DMU (the DMU in the objective function) as high as possible. If the ratio for that particular DMU is less than one (1), then, with the same weights, one or more other DMUs must equal one. Thus, those other DMUs are more efficient. The resultant ratio for DMU is a measure of distance from the production possibilities frontier. A ratio of 1 or 100% indicates DMU lies squarely on the frontier and operations on the frontier, hence and full efficiency. A ratio of less than 1 or 100% reflects operations below the frontier. The lower the ratio, the further the DMU lies from the frontier, hence inefficient (Ajlouni and Tobaishat, 2010).
Results and Discussion
DEA efficiency scores based on constant returns to scale (CCR Model)
DEA efficiency scores based on constant returns to scale (CCR Model) are shown in Table 3 . Average technical efficiency in the Saudi banks during the study period range s from 95.30% (2010) to 99.28% (2008) with average 95.52%. ANB and SAMBA were the only two banks with efficiency scores of 100% in four years during the study period , implying that they are on the efficiency frontier and were peers (or bench marked) during the study period. In 2007, six banks emerged on the efficient frontier, indicating efficient management by 60% of Saudi banks of their financial resources. Although, BLAD, and RBIL are having efficiency scores less than 90% indicating that 10% of Saudi banks are inefficient and requires further probing. However, in 2011, five banks emerged on the efficient frontier, indicating efficient management by 50% of Saudi banks of their financial resources. It is worth mentioned that all banks in 2011 are having efficiency scores more than 94.85%, which indicate that Saudi banks have improved their efficiency during the study period. BSFR is ranked in the first position among all the listed banks based on their average efficiency (99.92%) during the study period and SHP ranked in the last position on their average efficiency (94.23%). Table 4 presents DEA efficiency scores based on variable returns to scale (BCC Model) for each year, it is clear from the table that the mean efficiency in the Saudi banks during the study period ranges from 96.49% (2010) to 100% (2007 and 2008) .The average efficiency during the study period for all banks were 98.55%. BLAD was the only bank with efficiency scores of 100% for all years, impl ying that it is on the efficiency frontier and was peers (or bench marked) during the study period. In 2007and 2008, all banks emerged on the efficient frontier, indicating efficient management by majority (100%) of Saudi banks of their financial resources. In 2011, eight banks emerged on the efficient frontier, indicating efficient management by majority (100%) of Saudi banks of their financial resources. However the remaining banks having efficiency scores more than 95.05% were SAIB (99.02%) and SHP (95.05%), which indicates that Saudi banks have improved their efficiency during the study period. BLAD is ranked in the first position among all the listed banks based on their average efficiency of (100%) during the study period. SABB ranked in the last position on their average efficiency with (95.83%). Table 5 shows the mean efficiency for each year by decomposing technical efficiency into pure technical efficiency and scale efficiency. The average index of technical efficiency during the study period varies between 95.30% and 99.28%, as well for the pure technical efficiency varying at 96.49% to 100.00%, and of scale efficiency also varies at 95.5%to 100.00%. Decomposing technical efficiency into pure technical efficiency and scale efficiency allows us to gain insight into the main sources of inefficiencies. The results of the analysis presented in Table 4 & 5 prove that banks in Saudi Arabia are efficient. 
DEA efficiency scores based on variable returns to scale (BCC Model)
Decomposing Technical Efficiency into Pure Technical Efficiency & Scale Efficiency
Analysis of Efficiency Determinants 5.4.1. Relative efficiency and the impact of bank size
The second hypothesis articulated that there is a significant difference between the efficiency of Banks in Saudi Arabia due to their size (logarithm of total assets). Thus, for the analyzes purpose Saudi banks were classified into large banks, medium banks, and small banks. Large banks include banks with logarithm of total assets not less than 16.50, such as RJHJ and SAMBA; medium banks include banks with logarithm of total assets between15.5 and16.49, such as RIBL, SABB, BSFR, ANB, SHB; and small banks include banks with logarithm of total assets less than 15.5, includes SAIB, BJAZ and BLAD. Table 6 presents the result of the analysis of the relative efficiency of banks in Saudi Arabia categorized by size via the operating approach. It was found that, on average small banks are the most efficient banks and have average efficiency scores of 99.34% during (2007) (2008) (2009) (2010) (2011) . However, medium banks with average (97.79%) and large banks averages (97.00%) are considered to be efficient during the study period. Furthermore, the medium banks are more efficient than the large banks.
The above results implying that small banks could perform the role of financial intermediaries, using labors and capitals to transfer deposits into loans and investments, more efficiently than large and medium ones. This is not a surprising result, because revenues of commercial banks come from two major sources which are interest incomes and non-interest incomes (Ajlouni, Hmedat, 2011) .Hence, the second hypothesis of the study is proved. 
Difference between the efficiency of banks due to their capital adequacy
The third hypothesis stated that: There is a significant difference between the efficiency of banks in Saudi Arabia due to their capital adequacy (the ratio of Equity to Total Assets). The impact of banks' capital adequacy on the efficiency of banks in Saudi Arabia can be proxy by the ratio of equity to total assets (EQ/TA). This ratio indicates capital strength or bank safety and soundness. Banks in Saudi banks are classified according to the capital adequacy ratio into two groups:
1. Meeting the average ratio and above during the study period (2007-2011). 2. Meeting below the average ratio during the study period (2007-2011). Table 7 shows the calculated EQ/TA ratio for each bank in the sample. As shown in the Table 7 , only sex banks of the sample did not meet the average ratio and above during the study period (2007-2011) of 13.7%, while the remaining four banks met such average. However, all banks in Saudi Arabia met the minimum capital adequacy ratio level of Basel, which is 8%. The results of the analysis of the relative efficiency of banks in Saudi Arabia categorized by capital adequacy ratio via the operating approach are exhibited in Table 8 . It is clear that on average, banks meeting the EQ/TA ratio and above is less efficient than those do not. The latter banks have the highest efficiency scores in every year during (2007) (2008) (2009) (2010) (2011) , implying that they are efficient and had produced their outputs on the efficiency frontier. This implies that banks in Saudi Arabia with higher capital adequacy ratio are riskaverse and prefer safer and lower-earning portfolios. 
Conclusion
This study uses the two basic Data Envelopment Analysis (DEA) models i.e. CCR and BCR to investigate the relative efficiency of Saudi banks. The empirical results do confirm that majority of Saudi banks efficiently managed their financial resources and the mean efficiency during the study period 2007-2011 was 95.52% and 98.55% as per CCR and BCR approach respectively. In 2011, it was found in the study that, five banks as per the CCR score and eight banks as per BCC score were positioned on the efficient frontie r. Moreover, it is worth mentioning that all banks in 2011 are having efficiency scores more than 94.85% as per the CCR score and 95.05% as per BCC. The empirical results also indicates that, small banks could perform the role of financial intermediaries, using labors and capitals to transfer deposits into loans and investments, because these banks proved to be more efficient than large and medium ones. The banks with high EQ/TA ratio are less efficient than the banks with low EQ/TA ratio, implying that the y are efficient and had produced their outputs on the efficiency frontier.
Based on the results of study, it is recommended that, less inefficient banks in Saudi Arabia need to improve their efficiency and performance, by either increasing their loans or net investment, and/or promoting their resources and utilization efficiency by better handling their total expenses. It is also recommended by the author to Saudi bank managers to use Data envelopment Analysis (DEA) in assessing and measuring performance.
